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THE  PROBLEM 

A  large  body  of  data  has  been  accumulated  in  a  continuing  epidemiological  study 
of  naval  aviators.  It  was  necessary  to  explore  methods  which  would  allow  expression  of 
important  relationships  which  could  be  investigated  further.  An  IBM  1620  computer  has 
been  used  to  construct  a  large  matrix  of  correlation  coefficients  for  this  purpose. 

FINDINGS 

The  relationships  among  data  from  three  examinations  conducted  over  a  period  of 
eighteen  years  on  a  group  of  healthy  young  men  are  presented  in  the  form  of  correlation 
coefficients.  A  correlation  matrix  of  106  continuous  variables  is  recorded  as  a  reference 
for  other  investigators.  Pertinent  statistical  considerations  are  outlined  and  briefly 
discussed. 
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INTRODUCTION 


A  large  number  of  epidemiologic  studies  are  in  progress  oriented  toward  identification 
of  factors  important  in  the  development  of  hypertension  and  arteriosclerotic  disease.  The 
majority  of  these  studies  are  concerned  with  populations  selected  in  middle  age,  and  there 
is  little  information  available  on  young  adults.  During  the  period  prior  to  middle  age, 
important  patterns  develop  which  influence  and  foreshadow  the  future  development  of 
vascular  disease.  Changes  occur  in  various  physiologic  parameters  and  cannot  be  appreci¬ 
ated  from  studies  of  older  populations.  We  have  completed  an  eighteen-year  follow-up 
in  a  longitudinal  study  of  healthy  young  men  first  evaluated  at  24  years  of  age.  Follow¬ 
up  examination  was  conducted  on  96  per  cent  of  the  surviving  members.  The  availability 
of  a  large  body  of  unique  data  prompted  us  to  investigate  the  relationships  among  the 
various  parameters  studied. 

The  purpose  of  this  communication  is  to  present  the  data  from  this  study  in  the  form 
of  a  correlation  matrix  of  the  relationships  among  106  continuous  variables.  This  matrix 
is  presented  as  a  source  of  reference  for  those  engaged  in  this  type  of  study  and  perhaps 
as  a  point  of  departure  for  those  who  find  interesting  relationships.  Important  aspects  of 
blood  pressure,  electrocardiograms,  and  serum  lipids  have  been  presented  elsewhere,  and 
no  comment  will  be  offered  on  the  individual  correlation  coefficients. 

PROCEDURE 

Several  publications  give  detailed  summaries  of  the  selection,  testing,  and  subsequent 
follow-up  evaluations  of  this  group  (1-5).  The  study  group  is  composed  of  1056  healthy 
white  males  selected  as  physically  qualified  for  flight  training  in  1940.  The  original 
studies  were  performed  in  1940  when  the  mean  age  of  the  group  was  23.6  years. 

Included  in  the  original  evaluation  were  height,  weight,  blood  pressure  (casual  and  basal), 
basal  metabolic  rate,  electrocardiogram  (3  standard  leads  plus  Cf  4),  somatotyping  from 
profile  nude  photographs  as  described  by  Sheldon  (6),  Minnesota  paper  formboard  scores, 
and  Otis  mental  aptitude  test  scores. 

In  1952,  the  group  was  re-evaluated  with  88  per  cent  of  the  surviving  members  being 
examined.  A  history,  physical  examination,  chest  x-ray,  and  an  electrocardiogram  (12- 
lead)  were  included  in  this  examination. 

In  1958,  all  but  three  members  of  the  original  group  were  located,  and  785  (96  per 
cent)  of  the  surviving  members  were  examined.  All  deaths  were  documented.  Evaluation 
in  1958  included  a  detailed  history  and  physical  examination  and  the  following  laboratory 
studies:  electrocardiogram  (12  lead  with  "double"  Master  two-step  test*),  serum 

*Using  standard  Master  steps  and  the  table  of  trips  (7),  the  subject  makes  double  the 
regulation  number  of  trips  in  double  the  usual  period  of  time. 
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cholesterol  and  serum  lipoprotein  analyses.  The  electrocardiograms  from  all  three  exami¬ 
nations  were  measured  and  interpreted  by  two  physicians  independently  with  the  final  inter¬ 
pretation  being  agreed  upon  by  both.  Data  from  these  examinations  were  coded  and  placed 
on  IBM  cards.  An  IBM  1620  conputor  was  utilized  to  calculate  Pearson  Product  Moment 
Correlations  coefficients  according  to  the  formula 

where  x  and  ^  are  the  variables  and  ni 
the  number  of  paired  observations. 

Preliminary  plotting  of  correlations  between  randomly  selected  variables  indicated  the 
relationships  examined  were  linear. 


RESULTS 

The  correlation  coefficients  are  presented  in  the  usual  matrix  form.  The  correlation 
coefficient  is  the  upper  number,  and  the  lower  figure  is  the  number  of  observations  from 
which  the  correlation  is  derived.  A  list  of  the  variables  with  the  mean  and  standard 
deviation  of  each  is  listed  below: 


GENERAL  DATA 
Sys  BP  1940 
Dias  BP  1940 
Sys  BP  1952 
Dias  BP  1952 
Sys  BP  1958 
Dias  BP  1958 
A  Sys  40-52 
A  Dias  40-52 
A  Sys  52-58 
^  Dias  52-58 
A  Sys  40-58 
A  Dias  40-58 


Systolic  blood  pressure,  1940  (casual,  supine) 
Diastolic  blood  pressure,  1940  (casual,  supine) 
Systolic  blood  pressure,  1952  (casual,  supine) 
Diastolic  blood  pressure,  1952  (casual,  supine) 
Systolic  blood  pressure,  1958  (casual,  supine) 
Diastolic  blood  pressure,  1958  (casual,  supine) 
Change  in  systolic  blood  pressure  1940-1952 
Change  in  diastolic  blood  pressure  1940-1952 
Change  in  systolic  blood  pressure  1952-1958 
Change  in  diastolic  blood  pressure  1952-1958 
Change  in  systolic  blood  pressure  1940-1958 
Change  in  diastolic  blood  pressure  1940-1958 


120.7  (+8.6)  mm  Hg 
71 .8  (+  7.7)  mm  Hg 

123.7  (+13.4)  mm  Hg 
76. 1  (+  10.7)  mm  Hg 

123.0  (+  13.5)  mm  Hg 
77.7  (+  9.7)  mm  Hg 
2.8  (+  14.8)  mm  Hg 

4.3  (+  12.2)  mm  Hg 
-0.96  (+  13.9)  mm  Hg 

1 .5  (+  1 1 .6)  mm  Hg 

2.3  (  +  14.6)  mm  Hg 
6.0  (+  1 1 .4)  mm  Hg 
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Age  1940 

Age,  1940 

23.6  (+2.3)  years 

Age  1952 

Age,  1952 

35.1  (+2.3)  years 

Age  1958 

Age,  1958 

41 .2  (+  2.3)  years 

4  Age  40-52 

Change  in  age,  1940-1952 

1 1 .5  (+  1 . 1)  years 

A  Age  52-58 

Change  in  age,  1952-1958 

6.2  (+  1.1)  years 

A  Age  40-58 

Change  in  age,  1940-1958 

17.7  (+  l.l)yeare 

BMR 

Basal  metabolic  rate 

-1.7  (+9.7) 

OMA 

Otis  Mental  Aptitude 

35.0  (+  23.7) 

MPF 

Minnesota  Paper  Form 

30.1  (+21.0) 

R  1940 

Mean  body  radius*,  1940 

133.9  (+7.5) 

R  1952 

Mean  body  radius*,  1952 

140.1  (+7.2) 

R  1958 

Mean  body  radius*,  1958 

141.3  (+7.1) 

A  R  40-52 

Change  in  R,  1940  to  1952 

6.05  (+  5.4) 

A  R  52-58 

Change  in  R,  1952  to  1958 

1.12  (+4.3) 

A  R  40-58 

Change  in  R,  1940  to  1958 

7.20  (+  5.7) 

Ht/Wt  1940 

Height/weight,  1940 

0.443  (+0.038>‘n./lbs 

Ht/Wt  1952 

Height/weight,  1952 

0.408  (+0.042)m./lbs 

Ht/Wt  1 958 

Height/weight,  1958 

0.401  (+0.039>n./lbs 

A  Ht/wt  40-52  Change  in  ht/wt,  1940-1952 

0.036  (+0.032>n./lbs 

A  Ht/wt  52-58  Change  in  ht/wt,  1952-1958 

0.007  (+0.025)m./lbs 

A  Ht/wt  40-58  Change  in  ht/wt,  1940-1958 

0.043  (+  0.034)in./lbs 

Ht  1940 

Height,  1940 

70.3  (+  2.15)  inches 

*  As  described  by  Behnke  (8) . 
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Wt  1940 

Weight,  1940 

Wt  1952 

Weight,  1952 

Wt  1958 

Weight,  1958 

A  Wt 40-52 

Change  in  weight,  1940-1952 

A  Wt  52-58 

Change  in  weight,  1952-1958 

A  Wt  40-58 

Change  in  weight,  1940-1958 

%  Dev.  1940 

Percent  deviation  from  average  weight 
(Metropolitan  tables),  1940 

%  Dev.  1952 

Percent  deviation  from  average  weight 
(Metropolitan  tables),  1952 

%  Dev.  1958 

Percent  deviation  from  average  weight 
(Metropolitan  tables),  1958 

y\  %Dev. 40-52  Change  in  %  deviation  from  average  weight 
1940-1952 

A  %Dev.  52-58  Change  in  %  deviation  from  average  weight 
1952-1958 

A  %Dev. 40-58  Change  in  %  deviation  from  average  weight 
1940-1958 

Endomorphy  (score  on  each  individual's 
endomorphic  components  x  2  to  eliminate 
fractions,  1940) 

Mesomorphy  (score  on  each  individual's 
mesomorphic  components  x  2  to  eliminate 
fractions,  1940) 

Ectomorphy  (score  on  each  individual's 
ectomorphy  components  x  2  to  eliminate 
fractions,  1940) 

Endomorphy  plus  mesomorphy,  1940  (addition 
of  these  two  components  for  each  individual) 


Endo 


Meso 


Ecto 


Endo-Meso 


159.8  (+  15.6)  lbs. 

174.2  (+  19.8)  lbs. 

177.2  (+  19.8)  lbs. 
14.56  (+  13.2)  lbs. 

2.74  (+  10.4)  lbs. 
17.48  (+  14.2)  lbs. 

-1.10  (+8.35)% 

+1.41  (+10.00)% 

+1 ,37(+  9.72)% 

+2.62  (+8.34)% 

-0.14  (+6.29)% 

+  2.48  (+8.76)% 

6.31  (+  1 .84) 

8.83  (+1.69) 

6.26  (+2.14) 
15.14  (+2.22) 


4 


Choi . 

Cholesterol/  Abell  method  (9)  1958 

226.6  (+  45.81)mg% 

A.I. 

Atherogenic  Index  (derived  from  lipoprotein 
analysis  performed  at  Institute  of  Medical 

Physics:  Al  =  O'.  1  (Sf  0-12)  +  0. 175  (Sf  12-400) 
Sf  in  mg/100  ml  1958  (10) 

84.71  (+28.77) 

Sf  12-20 

Sf  12-20  Lipoprotein  fraction,  1958 

41.67  (+  10.67) 

Electrocardiographic  Data 

Rate  1940 

Rate,  1940 

63.35  (+  10.60)per  min. 

Rate  1952 

Rate,  1952 

74.48  (+  1 1 .47)per  min. 

Rate  1958 

Rate,  1958 

71 .02  (+  10.87)per  min. 

Rate  40-52 

Change  in  rate,  1940-1952 

11.20  (+  13.75)per  min. 

A  Rate  52-58 

Change  in  rate,  1952-1958 

3.97  (+  12.00)per  min. 

Rate  40-58 

Change  in  rate,  1940-1958 

7.51  (+  12.63)per  min. 

PR  1940 

PR  interval,  1940 

0.154  (+  0.02)  mm 

PR  1952 

PR  interval,  1952 

0. 160  (+  0.02)  mm 

PR  1958 

PR  interval,  1958 

0.167  (+0.04)  mm 

A  PR  40-52 

Change  in  PR,  1940-1952 

0.004  (+0.02)  mm 

A  PR  52-58 

Change  in  PR,  1952-1958 

0.006  (+  0.02)  mm 

A  PR  40-58 

Change  in  PR,  1940-1958 

0.011  (+0.02)  mm 

QRS  1940 

QRS  duration,  1940 

0.088  (+0.02)  mm 

QRS  1952 

QRS  duration,  1952 

0.086  (+  0.01)  mm 

QRS  1958 

QRS  duration,  1958 

0.087  (+  0.01)  mm 

QT  1940 

QT  interval,  1940 

0.385  (+  0.036)  mm 

QT  1952 

QT  interval,  1952 

0.360  (+0.029)  mm 
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QT  1958 

QT  interval,  1958 

0.365  (+  0.033)  mm 

A  QT  40-52 

Change  in  QT,  1940-1952 

0.024  (+0.040)  mm 

A  QT  52r58 

Change  in  QT,  1952-1958 

0.006  (+  0.035)  mm 

A  QT  40-58 

Change  in  QT,  1940-1958 

0.017  (+0.038)  mm 

QRS  Vec.  1940 

QRS  frontal  vector,  1940 

60.76  (+26.8 TP 

QRS  Vec.  1952 

QRS  frontal  vector,  1952 

47.90  (+29.0 7f 

QRS  Vec.  1958 

QRS  frontal  vector,  1958 

41.66  (+34.52)° 

A  QRS  Vec  .40-52  Change  QRS  frontal  vector,  1940-1952 

12.81( +  17.37)° 

A  QRS  Vec. 52-58  Change  QRS  frontal  vector,  1952-1958 

6.59  (+  18.80)° 

A  QRS  Vec. 40-58  Change  QRS  frontal  vector,  1940-1958 

19.63  (+  24.59)° 

Master  rate 

Maximum  rate  achieved  after  double 

Master  two-step  test,  1958 

86.45  (+  17.45)per  min 

Master  rate 

Increase  in  rate  with  double  Master  two- 
step  test,  1958 

16. 16  (+  12.68)per  min 

T  Vec. 1940 

T  frontal  vector,  1940 

43.08  (+  18.29)° 

TVec.  1952 

T  frontal  vector,  1952 

41.13  (+  18.41)° 

TVec.  1958 

T  frontal  vector,  1958 

39.13  (+  19.24)° 

A  TVec.40-52  Change  in  T  vector,  1940-1952 

3.23  (+  18.04)° 

A  T  Vec. 52-58  Change  in  T  vector,  1952-1958 

2.70  (+  16.32)° 

A  TVec. 40-58  Change  in  T  vector,  1940-1958 

4.86  (+  19.03)° 

QRS-T  1940 

QRS-T  angle,  frontal,  1940 

24.75  (+  18.07)° 

QRS-T  1952 

QRS-T  angle,  frontal,  1952 

21.84  (+  19.71)° 

QRS-T  1958 

QRS-T  angle,  frontal,  1958 

23.75  (+22.18)° 
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A  QRS-T  40-52  Change  QRS-T  angle,  1940-1952 

A  QRS-T  52-58  Change  QRS-T  angle,  1952-1958 

A  QRS-T  40-58  Change  in  QRS-T  angle,  1940-1958 

Init, 0.04  1940  Initial  0.04  vector,  1940 

Init, 0.04  1952  Initial  0.04  vector,  1952 

Init, 0.04  1958  Initial  0.04  vector,  1958 

A  Init, 0 . 04  40-52  Change  initial  0.04  vector,  1940-1952 

A  Init, 0.04  52-58  Change  initial  0.04  vector,  1952-1958 

/\  Init, 0.04  40-58  Change  initial  0.04  vector,  1940-1958 

Term.  0.04  1940 Terminal  0.04  vector,  1940 

Term.  0.04  1952Terminal  0.04  vector,  1952 

Term. 0.04  1958  Terminal  0.04  vector,  1958 

A  Term.0.04  40-52  Change  terminal  0.04  vector,  1940-1952 

A  Term. 0.04  52-58  Change  terminal  0.04  vector,  1952-1958 

A  Term.0.04  40-58  Change  terminal  0.04  vector,  1940-1958 

DISCUSSION 


3.22  (+  19.33)° 
1.59  (+  18.72)o 
2.40  (+23.04)° 
46.68  (+24.32)° 
39.15  (+44.52)° 
33.62  (+  24.80)° 

4.42  (+20.91)° 

5.43  (+  16.67)° 

9.24  (+22.16)° 
53.26  (+80.36)° 
32.22  (+85.25)0 
28.93  (+81.62)0 

6.24  (+  31 .72)° 
2.20  (+28.44)0 
9.56  (+39.52)° 


No  attempt  will  be  made  to  comment  on  individual  correlations  or  significant  rela¬ 
tionships;  however,  there  are  several  considerations  and  qualifications  to  be  recognized 
in  interpreting  this  correlation  matrix.  From  the  statistical  standpoint,  the  N,  or  number 
of  paired  observations,  is  large  (usually  over  600). 

If  the  ^  is  assumed  to  be  600,  the  correlations  may  be  considered  significant  when 
exceeding  the  following  values*:  .70  at  5  per  cent  confidence  level,  .098  at  1  per 
cent  level,  and  .  108  at  0.5  per  cent  level .  It  will  be  recalled  that  at  the  5  per  cent 
confidence  level  one  in  twenty  correlations  will  be  "significant,"  though  spurious,  and 


•Determined  by  extrapolation  from  a  standard  table  of  significance  values  for  correlation 
coefficients  (4). 
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one  in  a  hundred  at  the  1  per  cent  level.  The  importance  of  correlation  coefficients  at 
levels  below  .25  in  a  study  of  this  size  is  well  exemplified  by  experience  with  the 
analysis  of  factors  influencing  blood  pressure  (4  ).  Correlations  of  .  15  to  .20  were 
present  in  several  parameters  when  data  from  the  entire  group  were  examined.  An 
analysis  of  variance  of  these  parameters  for  groups  within  the  study  population  revealed 
significant  differences  (  P  <  .01  to  P  <  .001)  which  had  clinical  importance.  In  a 
relatively  homogeneous  group  there  is  a  tendency  for  the  large  middle  group  without 
strong  differences  to  "dilute"  significant  differences  at  the  ends  of  distribution  of  a 
variable.  Therefore,  it  may  be  of  value  to  pursue  significant,  though  less  striking, 
correlations  through  selection  of  a  group  designed  to  emphasize  the  characteristics  under 
consideration.  The  reverse  proposition  is  also  true.  Where  no  significant  correlation  is 
present,  a  study  of  similar  composition  would  not  be  expected  to  yield  significant  results. 

Another  consideration  involves  the  factitial  elevation  of  a  correlation  coefficient 
when  the  one  variable  is  derived  in  part  from  its  correlate.  Several  items  within  the 
matrix  refer  to  "change"  in  a  parameter  between  two  examinations.  The  relationship 
between  the  "change"  parameter  and  either  of  the  two  measurements  from  which  it  is 
derived  should  theoretically  be  +  .71  even  if  the  two  measurements  were  unrelated  (if 
the  measurements  had  the  same  standard  deviation).  As  a  consequence,  little  importance 
can  be  attached  to  correlations  between  a  variable  and  a  derivative  of  this  variable. 

The  Pearson  product  moment  equation  is  designed  to  express  linear  relationships  only. 
In  spite  of  the  fact  that  all  of  the  relationships  examined  prior  to  use  of  the  computer 
were  linear  (based  on  examination  of  scatter  plots),  there  is  no  assurance  that  all  of  the 
underlying  relationships  among  the  variables  are  truly  linear.  The  Pearson  equation  gives 
an  underestimate  of  the  true  relationship  between  two  variables  when  the  true  relationship 
is  nonlinear. 
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SUMMARY  PAGE 


THE  PROBLEM 

A  large  body  of  data  has  been  accumulated  In  a  continuing  epidemiological  study 
of  naval  aviators.  It  was  necessary  to  explore  methods  which  would  allow  expression  of 
important  relationships  which  could  be  investigated  further.  An  IBM  1620  computer  has 
been  used  to  construct  a  large  matrix  of  correlation  coefficients  for  this  purpose. 

FINDINGS 

The  relationships  among  data  from  three  examinations  conducted  over  a  period  of 
eighteen  years  on  a  group  of  healthy  young  men  are  presented  in  the  form  of  correlation 
coefficients.  A  correlation  matrix  of  106  continuous  variables  is  recorded  as  a  reference 
for  other  investigators.  Pertinent  statistical  considerations  are  outlined  and  briefly 
discussed . 
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INTRODUCTION 


A  large  number  of  epidemiologic  studies  are  in  progress  oriented  toward  identification 
of  factors  important  in  the  development  of  hypertension  and  arteriosclerotic  disease.  The 
majority  of  these  studies  are  concerned  with  populations  selected  in  middle  age,  and  there 
is  little  information  available  on  young  adults.  During  the  period  prior  to  middle  age, 
important  patterns  develop  which  influence  and  foreshadow  the  future  development  of 
vascular  disease.  Changes  occur  in  various  physiologic  parameters  and  cannot  be  appreci¬ 
ated  from  studies  of  older  populations.  We  have  completed  an  eighteen-year  follow-up 
in  a  longitudinal  study  of  healthy  young  men  first  evaluated  at  24  years  of  age.  Follow¬ 
up  examination  was  conducted  on  96  per  cent  of  the  surviving  members.  The  availability 
of  a  large  body  of  unique  data  prompted  us  to  investigate  the  relationships  among  the 
various  parameters  studied. 

The  purpose  of  this  communication  is  to  present  the  data  from  this  study  in  the  form 
of  a  correlation  matrix  of  the  relationships  among  106  continuous  variables.  This  matrix 
is  presented  as  a  source  of  reference  for  those  engaged  in  this  type  of  study  and  perhaps 
as  a  point  of  departure  for  those  who  find  interesting  relationships.  Important  aspects  of 
blood  pressure,  electrocardiograms,  and  serum  lipids  have  been  presented  elsewhere,  and 
no  comment  will  be  offered  on  the  individual  correlation  coefficients. 

PROCEDURE 

Several  publications  give  detailed  summaries  of  the  selection,  testing,  and  subsequent 
follow-up  evaluations  of  this  group  (1-5).  The  study  group  is  composed  of  1056  healthy 
white  males  selected  as  physically  qualified  for  flight  training  in  1940.  The  original 
studies  were  performed  in  1940  when  the  mean  age  of  the  group  was  23.6  years. 

Included  in  the  original  evaluation  were  height,  weight,  blood  pressure  (casual  and  basal), 
basal  metabolic  rate,  electrocardiogram  (3  standard  leads  plus  Cf  4),  somatotyping  from 
profile  nude  photographs  as  described  by  Sheldon  (6),  Minnesota  paper  formboard  scores, 
and  Otis  mental  aptitude  test  scores. 

In  1952,  the  group  was  re-evaluated  with  88  per  cent  of  the  surviving  members  being 
examined.  A  history,  physical  examination,  chest  x-ray,  and  an  electrocardiogram  (12- 
lead)  were  included  in  this  examination. 

In  1958,  all  but  three  members  of  the  original  group  were  located,  and  785  (96  per 
cent)  of  the  surviving  members  were  examined.  All  deaths  were  documented.  Evaluation 
in  1958  included  a  detailed  history  and  physical  examination  and  the  following  laboratory 
studies:  electrocardiogram  (12  lead  with  "double"  Master  two-step  test*),  serum 

*Using  standard  Master  steps  and  the  table  of  trips  (7),  the  subject  makes  double  the 
regulation  number  of  trips  in  double  the  usual  period  of  time. 
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cholesterol  and  serum  lipoprotein  analyses.  The  electrocardiograms  from  all  three  exami¬ 
nations  were  measured  and  interpreted  by  two  physicians  independently  with  the  final  inter¬ 
pretation  being  agreed  upon  by  both.  Data  from  these  examinations  were  coded  and  placed 
on  IBM  cards.  An  IBM  1620  conputor  was  utilized  to  calculate  Pearson  Product  Moment 
Correlations  coefficients  according  to  the  formula 

where  x  and  £  are  the  variables  and  ri 
the  number  of  paired  observations. 

Preliminary  plotting  of  correlations  between  randomly  selected  variables  indicated  the 
relationships  examined  were  linear. 


RESULTS 

The  correlation  coefficients  are  presented  in  the  usual  matrix  form.  The  correlation 
coefficient  is  the  upper  number,  and  the  lower  figure  is  the  number  of  observations  from 
which  the  correlation  is  derived.  A  list  of  the  variables  with  the  mean  and  standard 
deviation  of  each  is  listed  below: 


GENERAL  DATA 
Sys  BP  1940 
Dias  BP  1940 
Sys  BP  1952 
Dias  BP  1952 
Sys  BP  1958 
Dias  BP  1958 
Sys  40-52 
A  Dias  40-52 
A  Sys  52-58 
A  Dias  52-58 
A  Sys  40-58 
/^Dias  40-58 


Systolic  blood  pressure,  1940  (casual,  supine) 
Diastolic  blood  pressure,  1940  (casual,  supine) 
Systolic  blood  pressure,  1952  (casual,  supine) 
Diastolic  blood  pressure,  1952  (casual,  supine) 
Systolic  blood  pressure,  1958  (casual,  supine) 
Diastolic  blood  pressure,  1958  (casual,  supine) 
Change  in  systolic  blood  pressure  1940-1952 
Change  in  diastolic  blood  pressure  1940-1952 
Change  in  systolic  blood  pressure  1952-1958 
Change  in  diastolic  blood  pressure  1952-1958 
Change  in  systolic  blood  pressure  1940-1958 
Change  in  diastolic  blood  pressure  1940-1958 


120.7  (+8.6)  mm  Hg 
71 .8  (+  7.7)  mm  Hg 

123.7  (+  13.4)  mm  Hg 
76. 1  (+  10.7)  mm  Hg 

123.0  (+  13.5)  mm  Hg 
77.7  (+  9.7)  mm  Hg 
2.8  (+  14.8)  mm  Hg 

4.3  (+  12.2)  mm  Hg 
-0.96  (+  13.9)  mm  Hg 

1 .5  (+  1 1 .6)  mm  Hg 

2.3  (  +  14.6)  mm  Hg 
6.0  (+  1 1 .4)  mm  Hg 
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Age  1940 

Age,  1940 

23.6  (+  2.3)  years 

Age  1952 

Age,  1952 

35.1  (+2.3)  years 

Age  1958 

Age,  1958 

41.2  (+  2.3)  years 

4  Age  40-52 

Change  in  age,  1940-1952 

11.5  (+  1.1)  years 

A  Age  52-58 

Change  in  age,  1952-1958 

6.2  (+  1.1)  years 

A  Age  40-58 

Change  in  age,  1940-1958 

17.7  (+1.1)  years 

BMR 

Basal  metabolic  rate 

-1.7  (+9.7) 

OMA 

Otis  Mental  Aptitude 

35.0  (+  23.7) 

MPF 

Minnesota  Paper  Form 

30.1  (+21.0) 

R  1940 

Mean  body  radius*,  1940 

133.9  (+7.5) 

R  1952 

Mean  body  radius*,  1952 

140.1  (+7.2) 

R  1958 

Mean  body  radius*,  1958 

141.3  (+7.1) 

A  R  40-52 

Change  in  R,  1940  to  1952 

6.05  (+  5.4) 

A R  52-58 

Change  in  R,  1952  to  1958 

1.12  (+4.3) 

AR  40-58 

Change  in  R,  1940  to  1958 

7.20  (+5.7) 

Ht/Wt  1940 

Height/weight,  1940 

0.443  (+0.038>n./lbs 

Ht/Wt  1952 

Height/weight,  1952 

0.408  (+0.042>n./lbs 

Ht/Wt  1 958 

Height/weight,  1958 

0.401  (+  0.039)in./lbs 

A  Ht/wt  40-52  Change  in  ht/wt,  1940-1952 

0.036  (+0.032>n./lbs 

A  Ht/wt  52-58  Change  in  ht/wt,  1952-1958 

0.007  (+0.025)ih./lbs 

A  Ht/wt  40-58  Change  in  ht/wt,  1940-1958 

0.043  (+  0.034)in./lbs 

Ht  1940 

Height,  1940 

70.3  (+  2. 15)  inches 

*As  described  by  Behnke  (8). 
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Wt  1940 

Weight,  1940 

Wt  1952 

Weight,  1952 

Wt  1958 

Weight,  1958 

A  Wt  40-52 

Change  in  weight,  1940-1952 

A  Wt  52-58 

Change  in  weight,  1952-1958 

A  Wt  40-58 

Change  in  weight,  1940-1958 

%  Dev.  1940 

Percent  deviation  from  average  weight 
(Metropolitan  tables),  1940 

%  Dev.  1952 

Percent  deviation  from  average  weight 
(Metropolitan  tables),  1952 

%  Dev.  1958 

Percent  deviation  from  average  weight 
(Metropolitan  tables),  1958 

y\  %Dev. 40-52  Change  in  %  deviation  from  average  weight 
1940-1952 

A  %Dev.  52-58  Change  in  %  deviation  from  average  weight 
1952-1958 

A  %Dev  .40-58  Change  in  %  deviation  from  average  weight 
1940-1958 

Endomorphy  (score  on  each  individual's 
endomorphic  components  x  2  to  eliminate 
fractions,  1940) 

Mesomorphy  (score  on  each  individual's 
mesomorphic  components  x  2  to  eliminate 
fractions,  1940) 

Ectomorphy  (score  on  each  individual's 
ectomorphy  components  x  2  to  eliminate 
fractions,  1940) 

Endomorphy  plus  mesomorphy,  1940  (addition 
of  these  two  components  for  each  individual) 


Endo 


Meso 


Ecto 


Endo-Meso 


159.8  (+  15.6)  lbs. 

174.2  (+  19.8)  lbs. 

177.2  (+  19.8)  lbs. 
14.56  (+  13.2)  lbs. 

2.74  (+  10.4)  lbs. 
17.48  (+  14.2)  lbs. 

-1.10  (+8.35)% 

+1.41  (+10.00)% 

+1 .37(+  9.72)% 

+2.62  (+8.34)% 

-0.14  (+6.29)% 

+  2.48  (+8.76)% 

6.31  (+  1 .84) 

8.83  (+  1.69) 

6.26  (+2.14) 
15.14  (+2.22) 
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Choi . 

Cholesterol,  Abell  method  (9)  1958 

226.6  (+  45.81  )mg% 

A.I. 

Atherogenic  Index  (derived  from  lipoprotein 
analysis  performed  at  Institute  of  Medical 

Physics:  Al  =  0. 1  (Sf  0-12)  +  0. 175  (Sf  12-400) 
Sf  in  mg/100  ml  1958  (10) 

84.71  (+28.77) 

Sf  12-20 

Sf  12-20  Lipoprotein  fraction,  1958 

41.67  (+  10.67) 

Electrocardiographic  Data 

Rate  1940 

Rate,  1940 

63.35  (+  10.60)per  min. 

Rate  1952 

Rate,  1952 

74.48  (+  1 1 .47)per  min. 

Rate  1958 

Rate,  1958 

71 .02  (+  10.87)per  min. 

Rate  40-52 

Change  in  rate,  1940-1952 

1 1 .20  (+  13.75)per  min. 

A  Rate  52-58 

Change  in  rate,  1952-1958 

3.97  (+  12.00)per  min. 

A  Rate  40-58 

Change  in  rate,  1940-1958 

7.51  (+  12.63)per  min. 

PR  1940 

PR  interval,  1940 

0.154  (+0.02)  mm 

PR  1952 

PR  interval,  1952 

0. 160  (+  0.02)  mm 

PR  1958 

PR  interval,  1958 

0.167  (+  0.04)  mm 

A  PR  40-52 

Change  in  PR,  1940-1952 

0.004  (+0.02)  mm 

A  PR  52-58 

Change  in  PR,  1952-1958 

0.006  (+  0.02)  mm 

PR  40-58 

Change  in  PR,  1940-1958 

0.011  (+0.02)  mm 

QRS  1940 

QRS  duration,  1940 

0.088  (+  0.02)  mm 

QRS  1952 

QRS  duration,  1952 

0.086  (+  0.01)  mm 

QRS  1958 

QRS  duration,  1958 

0.087  (+  0.01)  mm 

QT  1940 

QT  interval,  1940 

0.385  (+  0.036)  mm 

QT  1952 

QT  interval,  1952 

0.360  (+0.029)  mm 
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QT  1958 


QT  interval,  1958 

A  QT  40-52  Change  in  QT,  1940-1952 

A  QT  52r58  Change  in  QT,  1952-1958 

A  QT  40-58  Change  in  QT,  1940-1958 

QRS  Vec.  1940  QRS  frontal  vector,  1940 

QRS  Vec.  1952  QRS  frontal  vector,  1952 

QRS  Vec.  1958  QRS  frontal  vector,  1958 

A,  QRS  Vec  .40-52  Change  QRS  frontal  vector,  1940-1952 

A  QRS  Vec. 52-58  Change  QRS  frontal  vector,  1952-1958 

A  QRS  Vec. 40-58  Change  QRS  frontal  vector,  1940-1958 

Master  rate  Maximum  rate  achieved  after  double 
Master  two-step  test,  1 958 

Master  rate  Increase  in  rate  with  double  Master  two- 
step  test,  1958 

T  Vec.  1940  T  frontal  vector,  1940 

TVec.  1952  T  frontal  vector,  1952 

TVec.  1958  T  frontal  vector,  1958 

A  TVec. 40-52  Change  in  T  vector,  1940-1952 
A  TVec.  52-58  Change  in  T  vector,  1952-1958 
A  TVec  .40-58  Change  in  T  vector,  1940-1958 
QRS-T  1940  QRS-T  angle,  frontal,  1940 

QRS-T  1952  QRS-T  angle,  frontal,  1952 

QRS-T  1958  QRS-T  angle,  frontal,  1958 


0.365  (+  0.033)  mm 
0.024  (+0.040)  mm 
0.006  (+0.035)  mm 
0.017  (+0.038)  mm 
60.76  (+26.8 TP 
47.90  (+29.0 7f 
41.66  (+34.52)° 

12.81( +  17.37)° 

6.59  (+  18.80)° 

19.63  (+  24.59)° 

86.45  (+  17.45)per  min. 

16. 16  (+  12.68)per  min. 
43.08  (+  18.29)° 

41.13  (+  18.41)° 

39.13  (+  19.24)° 

3.23  (+  18.04)° 

2.70  (+  16.32)° 

4.86  (+  19.03)° 

24.75  (+  18.07)° 

21.84  (+  19.71)° 

23.75  (+22.18)° 
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A  QRS-T  40-52  Change  QRS-T  angle,  1940-1952 
^  QRS-T  52-58  Change  QRS-T  angle,  1952-1958 
A  QRS-T  40-58  Change  in  QRS-T  angle,  1940-1958 
Init, 0.04  1940  Initial  0.04  vector,  1940 
lnit,0.04  1952  Initial  0.04  vector,  1952 
I n i t, 0 . 04  1958  Initial  0.04  vector,  1958 
A  Init, 0.04  40-52  Change  initial  0.04  vector,  1940-1952 
A  Init, 0.04  52-58  Change  initial  0.04  vector,  1952-1958 
/\  In  it,  0.04  40-58  Change  initial  0.04  vector,  1940-1958 
Term.  0.04  1940Terminal  0.04  vector,  1940 
Term.  0.04  1952Terminal  0.04  vector,  1952 
Term. 0.04  1958  Terminal  0.04  vector,  1958 
/\  Term. 0.04  40-52  Change  terminal  0.04  vector,  1940-1952 
A  Term. 0.04  52-58  Change  terminal  0.04  vector,  1952-1958 
A  Term. 0.04  40-58  Change  terminal  0.04  vector,  1940-1958 

DISCUSSION 


3.22  (+  19.33)° 
1.59  (+  18.72)0 
2.40  (+  23.04)° 
46.68  (+24.32)° 
39.15  (+44.52)° 
33.62  (+  24.80)° 

4.42  (+20.91)° 

5.43  (+  16.67)° 

9.24  (+22.16)° 
53.26  (+80.36)° 
32.22  (+85.25)° 
28.93  (+81.62)0 

6.24  (+  31 .72)° 
2.20  (+28.44)0 
9.56  (+  39.52)° 


No  attempt  will  be  made  to  comment  on  individual  correlations  or  significant  rela¬ 
tionships;  however,  there  are  several  considerations  and  qualifications  to  be  recognized 
in  interpreting  this  correlation  matrix.  From  the  statistical  standpoint,  the_N,  or  number 
of  paired  observations,  is  large  (usually  over  600). 

If  the  y  is  assumed  to  be  600,  the  correlations  may  be  considered  significant  when 
exceeding  the  following  values*:  .70  at  5  per  cent  confidence  level,  .098  at  1  per 
cent  level,  and  .108  at  0.5  per  cent  level,  it  will  be  recalled  that  at  the  5  per  cent 
confidence  level  one  in  twenty  correlations  will  be  "significant,"  though  spurious,  and 

^Determined  by  extrapolation  from  a  standard  table  of  significance  values  for  correlation 
coefficients  (4). 
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one  in  a  hundred  at  the  1  per  cent  level .  The  importance  of  correlation  coefficients  at 
levels  below  .25  in  a  study  of  this  size  is  well  exemplified  by  experience  with  the 
analysis  of  factors  influencing  blood  pressure  (4  ).  Correlations  of  .  15  to  .20  were 
present  in  several  parameters  when  data  from  the  entire  group  were  examined.  An 
analysis  of  variance  of  these  parameters  for  groups  within  the  study  population  revealed 
significant  differences  (P  <  .01  to  P  <  .001)  which  had  clinical  importance.  In  a 
relatively  homogeneous  group  there  is  a  tendency  for  the  large  middle  group  without 
strong  differences  to  "dilute"  significant  differences  at  the  ends  of  distribution  of  a 
variable.  Therefore,  it  may  be  of  value  to  pursue  significant,  though  less  striking, 
correlations  through  selection  of  a  group  designed  to  emphasize  the  characteristics  under 
consideration.  The  reverse  proposition  is  also  true.  Where  no  significant  correlation  is 
present,  a  study  of  similar  composition  would  not  be  expected  to  yield  significant  results. 

Another  consideration  involves  the  factitial  elevation  of  a  correlation  coefficient 
when  the  one  variable  is  derived  in  part  from  its  correlate.  Several  items  within  the 
matrix  refer  to  "change"  in  a  parameter  between  two  examinations.  The  relationship 
between  the  "change"  parameter  and  either  of  the  two  measurements  from  which  it  is 
derived  should  theoretically  be  +  .71  even  if  the  two  measurements  were  unrelated  (if 
the  measurements  had  the  same  standard  deviation).  As  a  consequence,  little  importance 
can  be  attached  to  correlations  between  a  variable  and  a  derivative  of  this  variable. 

The  Pearson  product  moment  equation  is  designed  to  express  linear  relationships  only. 
In  spite  of  the  fact  that  all  of  the  relationships  examined  prior  to  use  of  the  computer 
were  linear  (based  on  examination  of  scatter  plots),  there  is  no  assurance  that  all  of  the 
underlying  relationships  among  the  variables  are  truly  linear.  The  Pearson  equation  gives 
an  underestimate  of  the  true  relationship  between  two  variables  when  the  true  relationship 
is  nonlinear. 
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Ml  Mtt  UN  41*8  C-SHHI  En* 


S{  fcrti  tad  Mi  Me  fcM  fata  PI  M  «  ‘N  API  API  01$  MS  NS  IT 
IH4  MO  HC  HOI  #0  SMI  #41  Ml  «**#•«  S2-U4HI  IW  *W  Ml  ISM 


IT  OT  A  OT  A  IT  A  IT  * 

Ifi  MM2  Uttttftl  N 


1  IIS  US  ANSI 

i  nt  «K  ^5?  “ 

I  Ml  MI4HZ3 


m  A  T  T  T  A  A  A 
KfottrlMir  «•&  v*c.  vcc  free.  T**c  Twc.l 


AAA  aaa  tort  tin,  tart  AAA 

|T  m-T  M-T  MS-TMS-T  *tM  MM  Wttf  ,wt.M**4  kit.M  W  ,04  .M  fcnM  twmW  HfmM 


416  679  644  676  39)  3«7  616  671  633  662  313  371  603  344  623  671  431  369  491  344  623  676  434  369  491 1 


.12  -.01  -.07  -.06  -.02  .01  -.01  -.02  .04  .04  .03  .01  .02  -.07  -.05  -.09  .07  -.03  ,04  .09  .09  .02  .03  -.03  -.01  i 

412  626  393  653  369  367  393  620  364  641  341  331  312  304  376  633  424  330  677  304  376  633  420  330  477 


-.01  .03  -.00  -.00  -.09  .  02  -.03  .03  .  04  .  04  .  03  .  01  .06  -.01  .04  .03  ^  |HI 

710  391  601  643  339  662  721  467  60*  327  339  642  727  4*3  609  327 

.00  -.11  .07  -.01  -.01  -.02  -.03  -.00  -.03  -.03  .  01  -.00  .  02  .  06  -.00  .  04  A 

669  619  407  606  342  667  46«  413  608  496  342'  667  686  479  601  496  * 


.23  -.01  -.08  -.03  -.02  .03  -.03  .01  .02  ,02  .04  -,Q1  -.01  -.01  .01  -.02  -.04  .  01  -.02  -.03  -.03  -.02  -.04  .  07  -.00 

423  631  661  613  603  623  620  649  648  649  396  607  606  32}  640  616  463  608  496  323  640  686  4«1  401  496 


01  -.00  A  *««  SMI 
At  496  » 


.01  .02  -.00  -.06  -.02  -.06  -.09  .01  .07  .02  .03  -.01  .01  -.07  -.01  -.01  -.01 

433  191  662  731  607  630  638  693  641  711  604  410  431  499  464  7H  411 


1  -.02  ,01  .02  -.01  •  |H. 

!  724  44 1  404  423  " 


.17  .13  -.00 
673  709  620 


.16  .  22  .  21  .22  -.03  .11  -.06  -.00  -.01  .04  -.01  .09  «•/■*  1844 

411  441  471  478  602  488  411  448  671  474  402  488  '*•« 


)  -.2*  -.22  -.17  - 
,  642  709  194 


.12  .  04  .10  -.06  .  06  -.24  -.14  -.02  .  0}  .07  .  02  .10  .12  .  04  .  07  -.08  .10  -.27  -.08  -.04  -.01  -.03  .  09  .  02  .  04  .  Jl_$| 

417  440  491  441  396  618  647  611  631  632  387  600  393  511  620  670  639  *01  486  311  620  670  433  641  4*4 


0)2  034  093  0)6  017  AM  099  060  061  062  062  864  063  0*6  067  048  8*9 


8*8  081  8«l  8W  8*4  083  886  887  088  889  09*  8*1  *92  0*3  094  8*3  0*4  097  OM  •*•  100  101  102  102  184  103  18* 


.16  -.21  -.29  -.33  -.07  -.89  -.12  .  06  .  04  ..12  ..02  .  0*  .08  -.14  -.20  -.34  -.17  -.0*  -.20  .04  -.00  -.03  .01  .04  «,  h-  M|| 

447  4*5  438  713  603  421  433  486  643  787  394  603  6*1  >37  437  723  463  406  923  317  437  724  461  686  321  " 

.06  -.80  -.23  -.18  -.13  .  06  .14  .  01  .04  .  01  -.03  -.00  -.00  .00  -.09  -.13  -.20  .10  -.M  . VO  -.01  -•«  A%Hv.  4MZ 

411  470  481  471  622  621  609  661  661  433  413  *0)  393  331  6*0  674  471  604  488  311  660  472  474  604  481 

.11  .06  .12  -.04  ,  04  -.20  -.14  .  00  .  05  .  09  .  01  .10  .11  .03  .  08  -.04  .09 -J4  -.01  -.04  -.02  -.07  .10  .01  .05  fey.  Jl-|| 

424  634  433  483  598  419  419  645  640  667  389  601  60S  321  432  485  661  Mi  *94  521  432  4*4  457_  602  494 

.12  .  0*  -.13  -.22  -.21  -.08  -.24  .  04  .  0*  .11  -.02  .  07  .  08  .  04  -.04  -.20  r.ll  -.0*  -.14  .05  -.01  -.01  -.00  .89  .  03  A%  t*V.  40-M 
440  tit  434  708  601  622  Ml  672  642  492  392  604  429  347  433  709  443  603  517  347  435  709  439  605  317 

.03  -.21  -.18  -.13  .  06  .  02  .  04  -.04  -.02  -.02  .  07  -.00  -.00  -.11  -.13  -.20  -.01  .02  -.0*  .04  .04  .  01  -.07  -.05  -.07  £||g. 

3*1  410  566  387  333  312  331  602  337  378  323  301  340  M6  34*  391  409  498  442  486  346  388  406  496  442 

.00  -.17  -.09  -.05  .  09  .  02  .12  .  02  -.00  .  04  -.03  .  04  .  02  -,10  -.01  -.01  .08  .  03  .  07  .  01  .01  .00  .  03  .  03  .  01  MCU 

341  410  346  587  333  312  551  602  537  578  325  501  340  486  54*  511  409  498  *42  4*4  344  384  406  496  442 


.01  -.03  -.14  -.11  -.09  -.04  -.05  -.08  -.02  .  02  .  03  .  04  .  04  -.02  -.22  -.22  -.11  -.08  -.  19  .  02  -.10  -.03  .  02  -.04  -.04 

291  412  414  434  *01  421  417  *24  421  US  397  411  409  340  422  437  303  408  330  340  422  434  303  408  330 


-.w  -,a|  -,ii 

3*7  *n  401 

*5T  ,  *rr 

-.07  ..(«  -.U 
344  ]{j|  'JH 

.o*  .b\  .ol 

419  551  439 


5 


A  MI..I4  44-SI 


A  t*rm.A4  44-« 
A  torn.  44  ll-M 


A  tor*  44  44-SI 


